INTRODUCTION
β-FeSi 2 is a promising semiconductor for thin solar cells because its absorption coefficients are larger than those of silicon by two orders of magnitude. Furthermore, β-FeSi 2 absorbs lights in infrared region because its band gap is about 0.8 eV which is smaller than that of silicon [1] . From an ecological point of view, β-FeSi 2 is almost harmless to the environment and human body, and its elements are abundant in nature. β-FeSi 2 has been prepared by various methods such as the metal-organic chemical vapor deposition [2] , ion beam synthesis [3] , reactive deposition epitaxy [4] , pulsed laser deposition [5] , molecular beam epitaxy [6] and sputtering method [7] [8] [9] .
RF-sputtering is a simple method for film preparation and various kinds of films can be deposited by changing the sputtering target. Crack-free β-FeSi 2 films on silicon substrates are required for the application to β-FeSi 2 /Si heterojunction solar cells. However, for β-FeSi 2 films deposited by sputtering method, relationship between cracks on the surface of the films and annealing temperature has not been reported.
In this study, FeSi x films were deposited on Si (100) substrates by RF-sputtering method using FeSi 2 and FeSi 3 targets. For the low-temperature synthesis of β-FeSi 2 films on silicon, the deposition ratio of Fe/Si in the films was controlled by changing the Fe/Si composition of the sputtering targets. Furthermore, cracks on the surface of the films were evaluated after annealing in order to obtain crack-free β-FeSi 2 films on silicon substrates.
EXPERIMENTS
FeSi x films were deposited on Si (100) substrates by RF-sputtering method at room temperature for 30 min.
Sputtering targets (80 mm diameter, 3N purity) with compositions of Fe:Si = 1:2 and 1:3 were used in this study (named "Target A" and "Target B", respectively).
The sputtering chamber was evacuated using a diffusion pump, resulting in the pressure less than 0.01 Pa. The RF power of 100 W was applied and the pressure of Ar sputter gas was kept at 0.47 Pa during sputtering. The distance between the substrates and the target was set to 30 mm. Post-annealing was carried out at temperatures in the range of T a = 500-900°C in a quartz furnace for 1 h in Ar (4N purity) ambient.
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The crystal structure of the deposited FeSi x films was examined by XRD measurements using CuKα radiation.
The surface of β-FeSi 2 films was observed with an optical microscope. The thickness of the films can be calculated numerically [10] the deposition ratio of Fe/Si in the films ≈ 2:2 rather than 1:2 because the sputtering yield of Fe for Ar is two times larger than that of silicon [11] . Figure 3 shows annealing temperature dependence of the surface images for the films deposited with Target A.
RESULTS AND DISCUSSIONS
As shown in Fig. 3 , as-deposited film had no cracks on the surface. After annealing at 500°C, a few cracks were observed in some areas on the surface. The surface of the film annealed at 500°C was flat in large areas of the sample. The amount of cracks was increased in all areas on the surface with increasing the annealing temperature from 600°C to 900°C. Especially, dense cracks were observed on the surface of the film annealed at 900°C.
The above results may be explained by assuming that the difference of thermal expansion coefficients between the films and the substrates caused cracks on the surface due to high-temperature annealing. The thermal expansion coefficients of β-FeSi 2 are about two times larger than those of silicon [12] . Another possibility for 
CONCLUSIONS
In this study, the FeSi x films were deposited by RF-sputtering method with FeSi 2 and FeSi 3 targets. The films deposited with an FeSi 2 target had many cracks on the surface after annealing. High temperature and the existence of boundaries between ε-FeSi and β-FeSi 2 are thought to be the origin of cracks. On the other hand, the films deposited with an FeSi 3 target had no cracks on the surface after annealing at temperatures under 700°C because they were completely transformed to β-FeSi 2 due to annealing although they had cracks after hightemperature annealing of 800°C and 900°C. It can be concluded that crack-free β-FeSi 2 films on silicon were successfully obtained by controlling the composition of a sputtering target.
